A formalism of solid state physics has been applied to provide an additional tool for the research of cosmological problems. It is demonstrated how this new approach could be useful in the analysis of the Cosmic Microwave Background (CMB) data. After a transformation of the anisotropy spectrum of relict radiation into a special two-fold reciprocal space it was possible to propose a simple and general description of the interaction of relict photons with the matter by a "relict radiation factor". This factor enabled us to process the transformed CMB anisotropy spectrum by a Fourier transform and thus arrive to a radial electron density distribution function (RDF) in a reciprocal space. As a consequence it was possible to estimate distances between Objects of the order of ~10 2 [m] and the density of the ordinary matter ~10 -22 [kg·m -3 ]. Another analysis based on a direct calculation of the CMB radiation spectrum after its transformation into a simple reciprocal space and combined with appropriate structure modelling confirmed the cluster structure. The internal structure of Objects may be formed by Clusters distant ~10 [cm], whereas the internal structure of a Cluster consisted of particles distant ~0.3 [nm]. The work points in favour of clustering processes and to a cluster-like structure of the matter and thus contributes to the understanding of the structure of density fluctuations. As a consequence it may shed more light on the structure of the universe in the moment when the universe became transparent for photons. On the basis of our quantitative considerations it was possible to derive the number of particles (protons, helium nuclei, electrons and other particles) in Objects and Clusters and the number of Clusters in an Object.
Introduction
The angular power spectrum (anisotropy spectrum) of the Cosmic Microwave Background (CMB) radiation ( [1, 2] ) shows incredible similarity with X-ray or neutron scattering measured on non-crystalline materials ( [3] , [4] ), see Figures 1 and 2.
Astronomers ascribe to various peaks of the anisotropy spectrum of the CMB radiation different processes [5] . It is the Sachs-Wolf effect, Doppler effect, Silk damping, Rees-Sciama effect, Sunyaev-Zeldovich effect, etc. In this connection it should be stated that all theoretical predictions of the standard cosmological model are in very good agreement with the course of the anisotropy spectrum of CMB radiation.
However, the formal similarity in the form of both figures initiates the tempting idea if an analysis of the anisotropy spectrum of relict radiation using an analogous approach as is common in solid state physics, i.e. in the structural analysis of disordered materials, would bring more information on the structure of the early universe.
The inspiration for this approach we found further in the nowadays situation: Although the individual disciplines in physics are highly specialized, nevertheless their methods and results are shared in areas that at the first sight may seem to be far apart. An example of this is the already established use of elementary particle physics in cosmology. Similarly, we hope that it may be time now to apply the formalism of solid state physics to some special cosmological problems and in this way to provide an additional tool for their research.
First of all our new approach may be useful in the analysis of the CMB data. We will show how after the transformation of the anisotropy spectrum of relict radiation into a special two-fold reciprocal space we will be able to process the transformed CMB anisotropy spectrum by a Fourier transform and thus calculate a radial distribution function (RDF) of the matter in a reciprocal space. Because the CMB radiation reflects the fluctuations in the density of the matter, we hope that in this way our study will contribute to the understanding of the structure of these density fluctuations. Simultaneously, as a consequence, it may shed more light on the structure of the universe in the moment when the universe became transparent for photons (see Subsection 5.1.).
Moreover, in contrast to solid state physics where the atomic (coherent) and Compton (incoherent) scattering factors are describing theoretically the interaction of X-rays (or neutrons) with all kinds of atoms, this new formalism will present a general description of the interaction of relict radiation with the matter by a single "relict radiation factor", which should unify all processes realized during the interaction of relict radiation with various kinds of particles forming the primordial matter, see Subsections 2.3.3. and 5.2.
Construction of the Classic and Relict Reciprocal Space
In solid state physics the principal mathematical method during the structure analysis of the matter is the Fourier transform of the intensity of X-rays (or neutrons) scattered by atoms building the material. The experimental data are collected in the reciprocal space and their Fourier transform brings the required information on the distribution of atoms in the real space. In this contribution we will try to apply this approach to the CMB spectrum (see Figure 1 ) and simultaneously point out the complications we have to overcome in this direction. The necessary basic mathematical apparatus is summarized in the Appendix A, the most important basic equations for the analysis of "scattered" radiation and leading to the radial density distribution function (RDF) are Equations (A1) and (A2). The essential difference in the use of terms "scattering" and "interaction" of photons will be elucidated in the next Subsection 2.1.
The Relict Radiation Factor
During a conventional structure analysis with X-rays or neutrons, the X-ray or neutron atomic scattering factors are a precise picture of the interaction of radiation with the matter and are known precisely [6] . They enter into the calculation of the RDF in correspondence with the composition of the studied material; see Equations (A6), (A7) and (A10). Generally, for coherent scattering, the atomic scattering factor f is the ratio of the amplitude of X-rays scattered by a given atom E a and that scattered according to the classical theory by one single electron
where Z is the number of electrons in the atom.
Moreover, there are scattering factors not only for the coherent but also for the incoherent (Compton) type of scattering, see e.g. later on Figure 6 .
In our study, however, the basic obstacle is that with CMB photons we have not a classic scattering process of photons on atoms; i.e. a process described in equations of the Appendix A. There are not atoms, there are particles only (e.g. baryons, electrons, etc.), which participate in the formation of the structure of density fluctuations. Therefore we will speak throughout this article about an "interaction" instead of "scattering" in all cases when instead of the classic "atomic scattering factor" the new "relict radiation factor" will be used.
It is true that a part of the interaction of photons with electrons before the recombination may be realised as Thomson scattering (elastic scattering of electromagnetic radiation by a free charged particle, as described by classical electromagnetism) 1 , but the complex picture of physical processes describing the interaction of relict photons with the non uniform matter composed of various particles (electrons, ions, etc.) is not known to such an extent in order to enable a theoretical calculation of this interaction (on the basis of scattering factors).
It is therefore evident that it will not be possible to use the conventional atomic scattering factors and that a new special factor reflecting the complexity of interaction processes of photons with the primordial matter has to be constructed. We only point out that the description of these interactions is possible only in a special two-fold reciprocal space into which the CMB spectrum is transformed. This new factor will be called the relict radiation factor and substitutes all complicated processes which participate in the formation of the angular power spectrum of CMB radiation.
The construction of the relict radiation factor is presented in Subsection 2.3.3.
The Wavelength of Radiation
The wavelength of radiation is a quantity of highest importance, too. It follows from Equation (A5), that the greater the wavelength the smaller is the maximal possible value s max of the reciprocal space vector. At the same time the upper limit of the integral in Equation (A2) strongly influences the quality of the Fourier transform.
Although there is a broad distribution of wavelengths of photons (see later on the discussion in Subsection 5.3.) the calculation will be undertaken for the wavelength corresponding to the maximum of the wavelength distribution which corresponds to the temperature 2.725 K of the Universe today (see later on Figure 18 ), i.e. for the wavelength λ = 1.9 [mm] .
That this wavelength is rational is based on three arguments. First of all photons with this wavelength bring us the information on their last several interactions with particles today, in the second place the CMB radiation spectrum is the same for all wavelengths and in the third place the wavelength corresponding to the maximum of the wavelength distribution secures the highest probability of the interaction process of photons with the matter.
Preparatory Calculations

The Classic Reciprocal Space
During a classic scattering experiment we measure the intensity of the scattered radiation (e.g. X-rays) as a function of the scattering angle θ Classic . This scattering angle describes in real space the angle between the incident and scattered radiation. Its relation with the scattering vector in reciprocal space was described in Equation (A5).
On the other hand the angle α in the anisotropy spectrum of relict radiation (see already Figure 1 ) is not a scattering angle. It is an angle characterizing the distance between an arbitrary point to another-in those different points the temperature fluctuation is measured and compared with the overall medium one.
In order to overcome the incomparableness between the angles α and θ, we will construct an angle dependent reciprocal space to the angle α. The basic quantity determining this reciprocal space will be the scattering angle θ Classic .
We will suppose that the maximum possible value of the classic scattering angle 90˚, corresponds to the maximum value of the multipole moment L max = 3000. 
(its value in this case is Q = 0.03). We are then able to calculate the whole set of θ Classic angles
and because L = 180/α, then
1 It is just the low-energy limit of Compton scattering: the particle kinetic energy and photon frequency are the same before and after the scattering, however this limit is valid as long as the photon energy is much less than the mass energy of the particle.
i.e. 
 
where λ is the wavelength of the relict radiation. It should be noted that the quantities s Classic and α are in an indirect relation. The space of the vector s Classic will be further on called a "Classic reciprocal space". It should be pointed out that in this construction (see Equation (6)) the scattering vector s Classic is defined in the reciprocal space (1/λ) and that this space is now dipped into the reciprocal space (1/α), see Equations (2), (4) and (6) . For this "dipping" we will use further on the expression that the space s Classic is a 2-fold reciprocal space to the space α.
The recalculation of the original data presented in Figure 1 using Equations (4) and (6) is shown in Figure 3 . This new intensity dependence is labelled I Classic ( ).
Classic s
The Relict Reciprocal Space
There is a possibility to construct another reciprocal space which will be based directly on the angle α. For a better comparison and lucidity we will use now for the angle α the labelling θ Relict . i.e.
hence
In close analogy with Equation (A5) we now transform the anisotropy spectrum of CMB (relict) radiation into a reciprocal space (1/λ) described by the parameter
where λ is the wavelength of the relict radiation. The space of the vector S Relict will be further on called the "Relict reciprocal space". It should be noted that quantities S Relict and Relict    are in a direct relation. The anisotropy spectrum of the CMB radiation rescaled on the basis of Equation (9) is here labelled I Relict (S Relict ) and is shown in Figure 4. 
Construction of the Relict Radiation Factor
Generally, a correct scattering factor has to fulfil three criterions: 1) the I norm (s) curve should oscillate along the I gas (s) curve and as a consequence according Equation (A9);
2) the curve I distr (s) should oscillate along the zero value of the intensity axis;
3) the resulting RDF must not be contaminated by parasitic fluctuations due to bad scaling (see Section A2.) as a consequence of a bad course of the scattering factor.
The mutual relation between quantities I norm (s), I gas (s) and I distr (s) is explained in the Appendix A, see equations (A9), (A10) and (B1) with (B2).
In Figure 5 the calculation of the crucial curve I gas is undertaken for the relict radiation factor f Relict . The form of this factor was determined by the trial and error method and is shown in Figure 6 . In this figure is the factor f Relict compared with the coherent ( coh X f ) and incoherent ( incoh X f ) atomic scattering factor for X-rays corresponding to the Hydrogen atom (according the International Tables for Crystallography [6] ).
Similarly as for X-rays we have set the relict radiation factor f Relict Relict 1 for 0 f  s (10) and further, we have set in Equation (A7) Z = 1 and m = 1, hence in Equation (A6) is K m = 1. From this point of view our construction of the relict radiation factor f Relict should formally correspond to a "hydrogen-like" particle.
Further we have to point out that in connection with the presentation of the quantity I gas (s) in Equation (A10) its course in Figure 5 is given now by the relation
In Figure 5 we see that the function I norm (s) is properly oscillating along the function I gas (s) and therefore the function I distr (s) is properly oscillating along the zero line. The consequence is that we will obtain a "proper" radial distribution function, i.e. without any parasitic maxima, see the Subsection 3.1.
Relation between the Classic and Relict
Distribution of distances We rewrite now the basic Equation (A2) using the scat- tering vector in the classic reciprocal space s Classic , see Equation (6) .
where
is the member which is not Fourierdependent and describes the structure-less total disorder depending on the density of the matter.
The parameter r is measured in [nm*] in order to emphasize that the calculation of the RDF ρ(r) is realized on the basis of the parameter s Classic , which is dipped in a 2-fold reciprocal space (see Subsection 2.3.1.). In other words: the calculation of the RDF ρ(r) is realized in the reciprocal space of classic distances, which have the dimension [nm*]. Here we again point out the fact, that classic distances are distances between Objects calculated on the basis of the function I Classic (s Classic ), see Figure 3, which we analyze using Equation (A2) or (12) .
In order to receive now the information in the real space of classic distances (characterized by the parameter R) we must calculate the reciprocal value of the parameter r, hence the relation between r and R is
It would be now possible to rewrite quite formally Equation (A2) using the scattering vector in the relict reciprocal space S Relict , see Equation (9) . Similarly as for Equation (12) we would receive
Quite hypothetically the RDF ρ(R) would then bring us information on the real space of relict distances, which have the dimension [nm] . Actually, however, a RDF will not be calculated in this case, because the distribution I(S Relict ), see Figure 4 , is not convenient for a Fourier transform. The calculation of relict distances in the real space, i.e. of distances between complex Objects (big clusters) will be done on the basis of a theoretical calculation of the function I(S Relict )) using the Debye formula (18) calculated for appropriate models, see later on Section 4.
Calculations in the Classic Reciprocal
Space s Classic
Calculation of RDFs
In our first example we calculate in Figure 7 the RDF of Objects corresponding to the Fourier transform of intensities for the wavelength λ = 0.071069 [nm] which is a frequently used wavelength (λ MoKα ) in e.g. structure analysis, see Equation (A2) andor (12) . The scaling of intensities has been already demonstrated in Figure 5 on the basis of the relict radiation factor f Relict constructed in In the same way we calculated RDFs for four more typical wavelengths, i.e. 0.110674 (λ SeKα ), 0.154178 (λ CuKα ), 0.250466 (λ VKα ) and 0.537334 [nm] (λ SKα ). From these calculations it follows that, as expected, the dependence of the magnitude of corresponding coordination spheres on the wavelength λ is linear, see Figure 8 , moreover, all RDFs had the same appearance.
In this connection we have to point out, that the distances are measured in reciprocal space distances [nm*] and that, with respect to Equation (13) , these distances have to be recalculated to "real space" distances, e.g. in [km] . This recalculation is realized in Table 1 [mm]. Real space distances min R calculated in Table 1 are visualized in Figure 9 . The extrapolation to the wavelength of relict photons 1.9 [mm] indicates that for this wavelength the shortest min R distances are of the order 10 2 meters. Later on (see Subsections 4. and 5.1.) the distance min R will be ascribed to the distance between "Objects". Table 1 for details). Simultaneously an extrapolation to a distance corresponding to the wavelength of CMB (relict) photons 1.9 [mm] is visualized (empty circles). Later on (Sections 4. and 5.1.) the quantity min R will describe the distance between "Objects". Table 1 . Review of the most important distance min r characterizing the separation of the ordered region from the structure-less one on the wavelength λ (see Figure 8) 
Calculation of the Density
The calculation presented in Figure 7 and repeated for four additional wavelengths enabled us to estimate the density of the matter, i.e. the important parameter effecting the first member ρ 0 Medium (r) in Equation (12) . We simply supposed that the fluctuations of the RDF should not be negative. In order to shift in Figure 7 the minimum at min r = 0.348 [nm*] to positive values we had to set the density to a value D = 108.60 [kg·m -3 ]. In the same way we have determined densities for the remaining four wavelengths.
The results are summarized in Figure 10 and Table 2 . In the log-scale is the dependence of density on the wavelength nearly linear and therefore enables again an extrapolation to higher wavelengths. This extrapolation is presented in Table 2 and visualized in Figure 11 .
It follows from Table 2 and Figure 11 that the most probable medium density of density fluctuations of the matter with which CMB (relict) photons realized their last interaction is ~9·10
-23 [kg·m -3 ] . Taking in account the limits of our calculation then the density can be formally written as 
Modelling in the Relict Reciprocal Space S Relict
In the case when Figure 4 should be an X-ray scattering picture of a disordered material (e.g. of a glass) then such record would represent a picture typical for a material with well developed clusters. Their mutual distance should then characterize the position of the "first" massive peak. It follows from theory and experience that it is Table 2 . Numbers indicate wavelengths, for which the corresponding RDF was calculated. not possible to get from this peak information on the internal structure of Clusters, only on their magnitude and mutual distance. The method which has to be used for an analysis of this type of scattering is a direct calculation of scattered radiation on the basis of the Debye formula
. (18) Here f i and f j are the scattering factors of n input particles and d ij are the distances in real space between all available particles in the model and S Relict is the scattering vector in the relict reciprocal space defined in equation (9) . It should be pointed out that as scattering factors f i and f j we have used now the relict radiation factor f Relict calculated in Subsection 2.3.3. The summation is over all n particles in the model. This formula gives the average scattered intensity for an array of particles (or atoms in solid state physics) with a completely random orientation in space to the incident radiation.
Our model was quite simple: For the wavelength λ = 0.071069 [nm] the Cluster was a tetrahedron (5 particles) with an inter-particle distance 0.263 [nm] i.e. located in a cube with an edge 0.607 [nm] . In order to find the best fit with the scattering curve according Equation (18) , the distance between Clusters (tetrahedrons) had to be d calculation is shown in Figure 14 .
Calculations of Cluster distances for additional wavelengths (0.154178, 0.250466 and 0.537334 [nm]) have shown (see Figure 15 ) that the dependence of Cluster distances on the corresponding wavelength is linear. This fact enabled an extrapolation of the Cluster distance d to the wavelength of relict photons λ = 1.9 [nm], see Table  3 . This extrapolated distance is
The extrapolation is visualized in Figure 16 .
It should be noted that the recalculated anisotropy spectrum depends in this case directly on the angle θ Relict which is equal to the angle α (see Equation (8)) and therefore a recalculation of the inter-Cluster distance d into real space distances is not necessary because the Debye formula analyzes the relict reciprocal space represented by the vector S Relict directly in real space distances, see the quantity d ij in Equation (18).
Discussion
In the following discussion we will concentrate on several important ideas which may arise when reading this paper.
In particular this contribution should demonstrate how the formalism imported from solid state physics could be useful in solving specific cosmological problems: It may shed some new light on the physical processes taking place in the primordial plasma.
First of all, according our opinion, this work points in favour of clustering processes and consequently to a cluster-like structure of the matter in the moment when Figure 15 and Table 3 ).
the universe became transparent for photons (see Subsection 5.1.). In the second place the new formalism enabled us a simple and general description of the interaction of relict radiation with the matter and may help in an improvement of the theoretical predictions of the CMB pattern (see Subsection 5.2.) .
Finally this new approach may be useful in the analysis of the CMB data. We have shown that the transformation of the anisotropy spectrum of relict radiation into a special two-fold reciprocal space and into a simple reciprocal space was able to bring quantitative data in real space. Problems with the transformation into reciprocal spaces, mainly with the use of the proper wavelength of relict photons will be discussed in Subsection 5.3.
The Cluster-Like Structure of the Primordial Matter
The most important consequence of our quantitative results obtained in Sections 3 and 4 is, according our opinion, the idea of clustering processes taking part in the formation of the primordial matter. There we have arrived to three distances, which we interpret in a following way: The first distance ~10 2 [m], ( In Figure 17 we show a schematic picture of this cluster model. The big circle represents an Object. An Object is a clump of Clusters, where only a part of this clump was simulated in the model (the model of an Object had 22 Clusters each consisting of 22 particles, i.e. it consisted of a total of 484 particles).
Although this model gave a sufficiently well agreement with the width of the massive peak, as demonstrated in Figure 14 , our estimates (see Appendix C) show that the number of Clusters as well as the number of particles in one Cluster is greater., i.e. that there may be as far as 10 11 particles in one Object and 10 2 particles in one Cluster. That the density plays an important role in these calculations will be discussed in Subsection 5.4.
Even when the cluster model gave a good profile of the massive peak at e.g. 1.62 [nm] , than such a model of internal structure of Clusters cannot be a unique one, because the calculation of the profile is not sensitive to the internal cluster structure, nevertheless the cluster-like character of the modelling process has to be maintained.
The Relict Radiation Factor
We have already pointed out in Subsection 2.1. why during the analysis of the CMB spectrum it has not been possible to apply conventional atomic scattering factors used in solid state physics and why a new special factor reflecting the complexity of interaction processes of photons with the primordial matter has to be constructed. It is important to have on mind that the description of these interactions is possible only in a special two-fold reciprocal space into which the CMB spectrum was transformed. We have called this new factor the relict radiation factor and it had to substitute all complicated processes which participate in the formation of the angular power spectrum of CMB radiation.
Because relict photons realize their interaction with various kinds of particles and we have generated only one radiation factor, this factor represents, as a matter of fact, a medium from all possible individual relict radiation factors. In this way this new formalism offers a general description of the interaction of relict radiation with the matter and simultaneously reflects the complexity of processes which influence the anisotropy spectrum of CMB radiation from the cosmological point of view [5] .
During our study we have concentrated on three important facts which may justify the attempt to interpret the anisotropy spectrum of CMB radiation as a conesquence of the interaction of photons with density fluctuations which characterize the distribution of particles before the recombination process.
The first fact is that temperature fluctuations in the CMB spectrum are related to fluctuations in the density of matter in the early universe and thus carry information about the initial conditions for the formation of cosmic structures such as galaxies, clusters or voids [11] .
Secondly, it is the fact that the information on these density fluctuations in the distribution of particles (electrons, ions, etc.) has been brought by photons. Photons which we observe from the microwave background have travelled freely since the matter was highly ionized and they realized their last Thomson scattering (see already Subsection 2.1.). If there has been no significant early heat input from galaxy formation then this happened when the Universe became cool enough for the protons to capture electrons, i.e. when the recombination process started [12] .
The third fact is that the anisotropy spectrum is angular dependent, see Figure 1 .
Although we know that the anisotropy spectrum of CMB radiation, as presented in Figure 1 , has no direct connection with a scattering process of photons, it was the transformation of the CMB spectrum into a two-fold reciprocal space, which enabled us to interpret the anisotropy spectrum of CMB radiation as a result of an interaction process of photons with density fluctuations of the matter represented by electrons, ions or other particles. This approach enabled us to reach an advantageous approximation of this process.
The process consisted of two steps: First of all we have constructed in Subsection 2.3.1. an angular reciprocal space characterized by the "scattering" angle θ Classic , see Equations (2) and (4). This space is reciprocal to the space characterized by the angle α (α is the angle between two points in which the temperature fluctuations of CMB radiation are compared to an overall medium temperature).
Then, we have constructed an additional "classic" reciprocal space (1/λ) into which the first one (the θ Classic space) was dipped, by defining in this new "two-fold" reciprocal space the classic scattering vector s Classic , see Equation (6) . Only after these transformations we treated in this new classic reciprocal space the transformed anisotropy CMB spectrum as a scattering picture of relict photons.
It was only this space in which we simulated (in Subsection 2.3.3.) the interaction of CMB (relict) photons with density fluctuations by the relict radiation factor f Relict .
The criterion for the trial and error construction of the relict radiation factor f Relict has been that this factor had to fulfil the three requirements set at the beginning of Subsection 2.3.3. Only then it was secured that after the Fou-rier transform, according Equations (A2) and-or (12), there will not be any (or at least small) parasitic fluctuations on the curve ρ(r) and-or ρ Fourier . That we have achieved these demands is documented in Figure 7 where we do not see any parasitic fluctuations on the curve ρ Fourier and as a consequence on the curve ρ(r). To summarize: It is true that in our formal analogy between scattering of e.g. short-wave radiation on disordered matter (Figure 2) and "scattering" of CMB photons on electrons, ions and other particles (Figure 1) is an essential difference, because the physical processes are completely different, e.g. the scattering process itself, length scales involved, etc., however, the difference between physical processes is reflected and simultaneously eliminated by the special relict radiation factor f Relict (Subsection 2.3.3.), which we have included into all calculations based on the classic two-fold reciprocal space (see Subsection 2.1.). Moreover, additional calculations in the relict reciprocal space (see Subsection 4.) based on the relict radiation factor were done directly for the transformed angular power spectrum of relict radiation (see I Relict (S Relict ) in Figure 4 ) and thus present an information on distance relations between Clusters (formed by particles) in real space.
The Wavelength Problem
The problem is to which wavelength of relict photons we have to relate our calculations. One possibility may be to refer this wavelength to that time when 379.000 years after the Big Bang the Universe cooled down to 3000 K and the ionization of atoms decreased already only to 1%. Then according Wien's law max b T   (16) where λ max is the peak wavelength, T is the absolute temperature of the blackbody, and b is a constant of proportionality called Wien's displacement constant, 3 [mK], we obtain for the temperature 3000 K a wavelength value [nm], see [13] . However, simultaneously we must be aware of the fact that we are analyzing CMB photons now when the temperature of the universe, due to its expansion, is 2.725 K. Then the wavelength of photons according the Wien's law should be ~1 [mm] .
On the other hand the COsmic Background Explorer (COBE) measured with the Far Infrared Absolute Spectrophotometer (FIRAS) the frequency spectrum of the CMB, which is very close to a blackbody with a temperature 2.725 K [11, 14] . The results are shown in Figure 18 in units of intensity (see the text to Figure 18 ). It follows that the wavelength corresponding to the maximum is 1.9 [mm]. After all we have decided to relate our results to the wavelength of CMB photons λ = 1.9 [mm] which corresponds to the maximum of the intensity distribution. Because the distribution of the spectrum covers a relatively broad interval of wavelengths, see Figure 18 , calculations based on the wavelength 1.9 [mm] should then represent the most probable estimate. Moreover, this consideration is supported by the fact that the angular distribution of CMB radiation is the same for all wavelengths.
However, on the basis of graphs in Figures 10, 12 and 16 an easy recalculation of distances and-or of the density would be possible when another CMB photons wavelength would be considered as more appropriate.
The Density of the Mass and Distances between Objects, Clusters and Particles
The way how we arrived to numbers characterizing the density of the matter was described in Subsection 3.2. In a conventional X-ray analysis the density is the macroscopic density of the material under study. Therefore we suppose that also in this case the density which influences the parabolic shape of the curve of total disorder (see the first member on the right side of equation (A2) and-or (12) and Figure 8 ) should be understood as a real medium density of density fluctuations.

The dependence of the density on the wavelength as demonstrated in Figures 11 and 12 is not perfectly linear; therefore we have marked in Figure 11 the extent of possible linear dependences. This result can be formally written as 22 3
This medium value is about 10 5 times higher than the "critical density" D critical ~ (5 to 7) × 10 -27 [kg·m -3 ], see Table 2 .
Further, we should have in mind that the local density in a Cluster or in an Object has to be greater. We are able to document this fact on the basis of our Cluster model. 
i.e. a value approaching density values known from solid state physics (i.e. values lying between the densities of gases and liquids).
At the same time we have to take in account that the estimates concerning the density of matter are really complicated. The microwave light seen by the Wilkinson Microwave Anisotropy Probe (WMAP), suggests that fully 72% of the matter density in the universe appears to be in the form of dark energy [15] and 23% is dark matter. Only 4.6% is ordinary matter. So less than 1 part in 20 is made out of matter we have observed experimenttally or described in the standard model of particle physics. Of the other 96%, apart from the properties just mentioned, we know "absolutely nothing" [16] . In this connection we consider the density value we have received (9 × 10 -23 [kg·m -3 ] ) as the density of the ordinary matter. Last remark should be given to the probability of Object interactions in the case of their apparently large mutual distances (~10 2 [m]). It follows from the Maxwell speed distribution that the root mean square particle velocity v corresponding to the temperature T = 3000
where k is the Boltzmann constant (k = 1.38 × 10 -23
[Joule·K -1 ] ) and m is the mass of the particle, which may be here for example the mass of the proton m = 1. 
This is already a velocity, which should make possible an intensive interaction of Objects formed by Clusters consisting of particles.
Conclusions
A formalism of solid state physics has been applied to provide an additional tool for the research of cosmological problems. It was demonstrated how this new approach could be useful in the analysis of the CMB data. After a transformation of the anisotropy spectrum of relict radiation into a special two-fold reciprocal space it was possible to propose a simple and general description of the interaction of relict photons with the matter 380.000 years after the Big-Bang by a "relict radiation factor". This factor, which may help in an improvement of the theoretical predictions of the CMB pattern, enabled us to process the transformed CMB anisotropy spectrum by a Fourier transform and thus arrive to a radial electron density distribution function (RDF) in a reciprocal space.
As a consequence it was possible to estimate distances between Objects of the order of ~10 2 [m] and the density of the ordinary matter ~10
-22 [kg·m -3 ] . Another analysis based on a direct calculation of the CMB radiation spectrum after its transformation into a simple reciprocal space and combined with appropriate structure modelling confirmed the cluster structure. It indicated that the internal structure of Objects may be formed by Clusters distant ~10 -1 [m], whereas the internal structure of a Cluster consisted of particles distant ~0.3 [nm] .
In this way the work points in favour of clustering processes and to a cluster-like structure of the matter and thus may contribute to the understanding of the structure of density fluctuations and hence to a refinement of parameters describing the Standard Model of Cosmology [17] . Simultaneously, the work sheds more light on the structure of the universe in the moment when the universe became transparent for photons. On the basis of quantitative considerations it was possible to estimate the number of particles (protons, helium nuclei, electrons and other particles) in Objects and Clusters and the number of Clusters in an Object.
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The function   HSV norm I s oscillates around the I gas (s) curve. Following Equation (A9), we subtract the scattering on gas and obtain the most important function I distr , see Figure 5 .
There are several other scaling methods. An integral method [19] is characterized by a scaling factor HGW and supposes that the areas under the experimental scattering curve I corr (s) and the structure-less I gas (s) curve should be equal. Similarly there is a quadratic integral method [20] characterized by a scaling parameter .
a a KRM Our long experience in the research of disordered materials documents that the better was the experiment and the better has been the application of scattering factors, the smaller was the difference (only several percent) between the scaling coefficients HGW , HSV and KRM a and simultaneously the smaller were the parasitic fluctuations on the RDF. In the present work we have used all three scaling methods and have kept the difference between scaling factors in the limit of 4 percent. 
The volume V O of this cube is therefore 6 3 1.
Using now our result on the density of the matter, see 
1) The mass is formed by a 1:1:1 mixture of protons, helium nuclei and electrons
We may suppose now that the universe (in the time when the microwave background radiation began propagating) consisted of baryons (protons, helium nuclei, etc) and electrons, neutrinos, photons and dark matter particles. Supposing now that we have a mixture consisting of protons, helium nuclei and electrons in a relation 1:1:1, then the medium mass of a "particle" 2) The mass is formed by a 1:1:10 mixture of protons, helium nuclei and electrons Supposing now a mixture consisting of protons, helium nuclei and electrons in a relation 1:1:10, then the medium mass of a "particle" Table 3 and Figure 17 . Similarly as in the previous case we suppose again a relatively simple organization of Clusters, i.e. a cubic body-centred arrangement in which a Cluster in the centre has 8 "nearest neighbour" Clusters distant 
Similarly as in the preceding Appendix C1 we suppose again a mixture of protons, helium nuclei and electrons in a relation 1:1:1, respectively. The medium mass of a "particle" 
2) The mass is formed by a 1:1:10 mixture of protons, helium nuclei and electrons
Identically as in the preceding Appendix C1 the medium mass of a "particle" is in this case, see equation (C8), 
C3. Consequences of Previous Calculations
We are now able to calculate easily the number of Clusters in one Object. Because there are particles in one Object (Equation (C10)) and there are particles in one Cluster, it follows that an Object should be composed from N C Clusters, where 
Supposing that densities in the Object and in the Cluster are equal then this value is independent on the value of the density and on the mass of the particle (e.g. 
